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1020020071609 #^ ^^]-: 2002/11/30 

MEMS :ii^^l<Hl ^«fl 7flAl^i4. 7l]Al^ MEMS i±:^^lfe: 7]^s^; 

^-^^ -f-Bisi ^oii o^sfl B]-A^ ^^*>^ ^s^^ ^WlW. ^ 

^>*H ^7]^^ 4^ ^cl-. 

MEMS, FLOAT, ^l^^, 
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1020020071609 %■^ '^t.}: 2002/11/30 

MEMS^^^l{MicroElectro Mechanical system switch} 
£ 1^ ^efl MEMS i^^lsl ^^11- ^o] 7flgf^ ^^JEojiil-. 

s. 2^ ^Hfl MEMS i^^i^ ti<y 7m^ ^^^o]v]., 

£ 3^ #Efl ^eflo]^ MEMS ^^^1^ ^e^ll- 7fl^^ ^^^ojcf. 

£. 5^ £. 4*^1 ^ ^i^ofl n^-^ MEMS ^^^]^ 7fl^^ ^^lEolcj-. 

£ 6^ £. 4<H1 iEA]^ ^ ^T^oil t4€- MEMS ^^^1^ -^^^ ^^«>^ S^^^l^f. 

-£ 6a^ ^ ^^^B] ;^]2^A]d\]6\] ttj-a. MEMS 7l]ef^ 

:£ 6b^ ^ ^l3^Alc^ioi] rc|.^ mEMS ^^^l^^ 7fl^^ ^^£<^li4. 

£ 7^ ^ ^^31 ;^l5^Alc^loll nj-^ MEMS i^^l^l 7fl^^ A>Al£o]cf. 

£ 8^ £ 7<H1 ^ ^i^ofl 14= MEMS i^^l^ 7'^^^ ^'^Z.o]t\., 

S. 8a^ ^ ^l6^Aloj]<Hl MEMS cfi^^l^ 7l]e^^ 

£ 8b^ ^ ^^^^ ^l7^Alc^lcHl MEMS ^^^1^ 71{n^ ^i^^olcf. 

S. 9^ 5. 7<^1 :£Al^ ^ ^^oil 14s. MEMS i^^l^ -^3]-^ ^^S>^ £^<^lcf. 

:£ 10^ ^ ^'^^ ^18^A1<^1<^1 MEMS ri^^l^ 71] A>Al:£o]cf. 

£ 11^ £ 10o\] £Al^ ^ ^T^oil i4€- MEMS ^^^1^ -^^^ ^^s:]-^ S^ol^-. 
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1020020071609 ^^ 2002/11/30 

J£ 12^ ^ ;*1]9^^1<^1<^1 MEMS ^^^1^ 7fls^^ Aj-Al^olcf, 

£ 13^ £ 12<>ll i^l^ ^ ic)-€- MEMS ^^^1^ -S"^^ ^'^^l^ i^ojcf. 

5. 14^ ^ ^^^1 ;«)llO^Alc^l6il ic).^ MEMS ^i^^l^l 7]]^^ >^>Al£.oli:q-. 

J£ 15^ £. U<^ ^ ^1^611 i4€- MEMS ^^^1^ 7^^^ 

£ 16^ S. 14<^1 ^ ^t^oi] 11}.^ MEMS d^^^]^ ^^*>^ 5.^<^lt^. 

17a ^41^1 £ 17c^ ^ ^^ ^]^^ ^''^^ ^Alc^ll--^ol4. 

:£ 18a vfl;:;] isdfe ^ ^^^fl MEMS r^i^^loflA-] s.^ ^^.o;) ^^j^> 

£ 19a^ ^ «J-'^<H1 tcj-s. £ 18c^ ^^<^1 wl^^^4i(a-C)7> ^^^^ 

o^^^ ^^^^ s.^ ^^-i: ti<^lfe SEMojcf. 

£ 19b^ :£ 19a^ ^^1-^ i^-^<^l a-C ^^^^^^'^l ^5^^ ^ ^^^fll- 

SEM >^>^olrq.. 

£ 19c^ ^ ^^<^1 ttl-^ £ ISdSl ^ #el-SP>oil a-C :^]7]^ 

J£ 19d^ £. 19a^ ^2:1- vflo^ a-C ^1 ;^l7l^ ^i-Efll- SEM a>^<^1i^. 

£ 20a ^^1 20d^ ^ ^^<^1 tcj-s MEMS ^^^^]^ ^^i£olcf. 

10: 20 : ^^HoIa-^ 

30, 30a, 30b : 40 : ^ ^-^ 

60 : U 
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1020020071609 ""^A'- 2002/11/30 

<32> ^ MEMSCMicroelectro mechanical system) i^:*l<^l %^ ^-^S.Ai, ^/1l*> 

711 ^^^1 -S-diSl 1-^ ^^a-'^'l JL^^-^S. <?1:^^ -S-^o] 7>^ 

t!: MEMS i^^l<^] ^ol^f. 

<33> MEMS 71^^ ol-g-%1- RF ^ 7]-^ ^^^lojcf. 

t ^4"(signal routing)<^li4 ^y^iti:^ impedance matching networks) ^<Hl>H 

<34> RF MEMS ^^^Hl^ -g-^'^^ ^i^^Ucapacitive switch) A'^^^ :^^^l(ohmic 

switch) -^S^ ^- ^<>^d\ ojo.D^_ o]£]^ cf^a^tb ^^ll7l- «fl nl^s-^ 5,619,061 

<35> S. 1^ #2flo^ MEMS ^^^1^ 7115^^ =^3] ^Sl- 

<36> £ 1^ ^2:*>^, 71^^(1)51 «y:^o)] ^olo^ ^jj|]olA^(2, 2)7l- ^A^3£l<H 

^cf. z]- >.4olA-](2)^ 71:^(1)^ ^«oHl ^^^^ ^^^^ 'iJCe)^ 

i5|lolA-l(2)o11 H <a=nJ-ol ;^l>^l5]o:| o;^^ «1(6)^ ^i^^l 

S(7)7l- ^t:f. #eflolm(7)oll tfl-g-s:]-^ 71:^(1)^ ^^<^ 

(3)ol ^^^slcH ojj7^ ^^-^(3)^ 'y^^'^l^ RF iib1-^:e.(4)7]- ^>^^s]<^1 RF nej- 
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1020020071609 #^ <a^>: 2002/11/30 

■^-B(4) ^1-^<^1^ "^^(6)^ RF 3.5^-^^(4)71- «.i-^l^>^ -B-^*^ 

2l-S:^(4) ^^7l^<Hl 5]«fl «i(6)ol RF Zieh^=.(4) ^^^(5)oll ^^S]j7 o] 

^<^1 1](6) ;^i^2l l-e)lolE(7)7i. Ai^Ai(3)oil ^}^] ^o_s,^ ^(6)4 

-tl^^CS)^^ ^7]^ ^(ON) RF ^111^:0] ^31^7} ^-g-^cf. 

:£ 2^ #Bfl -g-^^^ RF MEMS ^^^1^ 7^21 ^2:1- ^^cf. 

:£ 2<^1 ^2fl MEMS ^^^1^ ^^^1 ^S.^i3a)s\- 13 (6a) :?>dp 

^^^7l^oll ojufloil Al^^(3a)4 ^(6a):^^ ^i^^^oi] ;^ 

^7l^ >a-^^ 1>M*>7l ^(6a)^ ^^^<^] ^<?l^(5a)<^l ^^jsl^l Sicf. 

^71 ^J:^(3a)5j)- ^(6a)5l A>oloii ^^o) ^^^oj-o] oiyj-j^)!^, ^:^'Jd(3a) 

^ '?](6a) ^^^7l^<^l «i(6a)<^l ^^-^(33)^ ^^^o.s.>v^ ^(6a)2)- 

^^^(3a) ^Kl^l 7fl5J|lAl^^7> ^711 #7>. ^ ^7l^ O.^ ^(ON) ^1-Efl7> ^Cf. o] u|] o1] 

^(6a)4 ^5:^(3a) ^7]^ «J-^1*>^ ^^^(5a)<^l ^/?1)*>S.S. (6a)3)- 

^J:^(3a) ^^^'a-*^! ^7l-£l^ ^ ^ ^^7} ■^^]^^, ^^7] ^ 

(6a)s\- ^^-t!(3a)» -^^ RF 'tl^7> ^2).^>7fl ^c]-. o.^. -^-71 5!]- ^^^l ^ 

^o.7l7l ^tb ^^<^1^ RF ^^2] -e-^a^ U-^l*>7l ^-1% SE^ ^^3.9]. 

51^^-^}^ ^B\7} D>^£]ol oXjl^ RF Al:^ >^c,ll^ ^7] ^l^^igo.^ 

^E^o^ ^^7> -H-<aSl^ «oM*>7l ^tifl 7B2flAlBlSq- ^>cf ^^o] p>^^ 
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^ SjcH <^]-^'=^] ^7] ^S.^^ «Jol 'gaV^V^l ^Tfl S]^, a]:^ 

a^-^l-^i. ^7] cflefl M-^^l-Til ^'^^Sl<^<^> 

(3b. 3b)<^] tfl«fl tifl^lsl«H Si7l ^711 sj^a, i^^i ■^^<^1 1-'?>^*>711 S) 

tb^, -^M^ RF MEMS ^^^]^ ^1^^ -^^^ ^ "E-^^] ^^^1^ RF ^} 

^ ^^>. ^S.^, ^<^^^ ^^J*>Jl, 7l^o.s^E-] ^o]^ ^>^^«>7l 
# Sl^Sf^ ^171 ^Ai^ ^^o] ^cf. ^S>{d^ 

^>^^^4 ^^^^ <^1%1 ^^<^1 ^^^^^Cf. o]^7fl 

€ ^^^a^ O. ^^9^ «1 ^2:^51}. nil 7>^7ll ^^l^>7l nfl^oH ^^^X\ A> 

^ ^M^q- €-^1^^ 7flAi^]-7l ^tl: ^-^S-Ai o>^^ -^^l-ol 7]- 

^*>T^. >113]-Al ^Aj^ o;^^ tijo^ Jl5J)-^-^S. ^^^m ^ 9X^ MEMS 
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1020020071609 %^ '^d^}: 2002/11/30 

<45> ^7] ^^^^V^l J:,^'^<H1 MEMS ^ii^^l^: ^ 

<46> 71^^32}-; 

<47> >^7l 7]:^ >^^ofl ^^^S)^ ^S-d^]-; 

<48> ^7] ^^7l^oll 9]^ ^^S\o\ ^7] ^7l^^S. rf^^^lS)^ 13511-; 

<49> .^V7l ^^^oll °>^5l^ ^1-71 «l32l-o^ ^71^^ , -S^l-?-^ -^B] 

^ol] ojsfl ^^^}^ ^^-f-l-; ^Wj^Vcf. 

<50> >^7l ^ ^^2] MEMS ^^-71 ^^^^o] ^ ^ 

<52> >^7l ^^^*V7l ^*>o^ ^ ^^<^1 t4€- MEMS rfi^^l^ i=f€- 

<53> 71:^4; 

<54> ^V7l 7l^ ^j-^cH] ^A^Sl^ ^O.^ :Z c^.«7> ^S. ^^t}7\] ^] I, 2 ^ 

<55> ^7] ^^^7l^o]l ^^Sl^H -^1-71 1, ^] 2 ^^71^0.^. «3 

^; 

<56> ^7] ^^^S] 2^ c].«.o)l P>^5]^ ^O^S. -^7] ^S] ^7]^ ^1^^ , 

fi^l^S-^Eio^ ^ofl i^^^ 
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<57> ^7l -a-^^ ^ MEMS ^^^]^] ^^-71 ^^^^^ ^^^Sl<H 

<58> ^ ^i^o^ .^7] - jjEMS i^^lofl ^<H^i. >3-7l >^7l >^«j-ofl ^^1^> 

B^, ZL <3=c^-ol ^7] 7l:^<Hl cfltfl ^^1 JS-C Simply- Supported Beain)Sl 

^Bfl, ^7] 7]^c>\] cfl^ Jl^Slfe Jl^^Cfixed end)2)- n aJrcfl^S^ P^>-a-^(free end) 
* ^^:a(cantilever)Sl ^ e|] , ^7] c}l-§-*>^ -^^2] Irefl^l ^ 

<59> ol^> ^S^V^a^i ^ ^'^^ ^^1<^1** -^^^ 

o]^}2] ^^oilA^ MEMS ^^^1<^1 ^ 7l#^o>oilA^ '^^^^'y 7l#om. 

<60> £ 4^ ^ ^^ofl rc)-=. MEMS ^*fll^^l<^ll- ii<^l^ 

<6l> £ 4 ^ £ 5<^1 JE^l^ H>21- ^o], 7l:S:(10) ^#^(31)# 7}^] 

^ ^E^>^o^ ^5:^(30)<ii ^^^Ei'H 9X^. ^^-f (31)21 <a= ^lno^^^ 

(20)^] ^l^l:e.(simple beam or simply- supported beam) JL^s\^ 

«d(60)ol ^^1^4. ^7] ^^«.(3i)o^ ^>^l-«.«.ofl^ ^*^(31a)ol ^^^B\o] 

9X^. ^y] ^^-^(30)2^ <y=#<Hife ^7] «j (60)31- ^^7]^^ ^^^s^]^ ^(60)^ 

M'^ -g-^ ^#^(31)ofl ^#^171^ ^ ^^(40)ol oV^^q-. C.i7Hl>| 13] 

^^(40)^ RF AjzL^o^ £s)-(wave guide)<^l ^-0.^ ^ A>-g-^ ^ 

35-10 
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IE 6^ ^(60)4 ^^(40)<H1 DC ^7V5]^, o]^ A}o]6\] tfl 

^o] <^om-j7 ffl-e^A^ 1^(60)01 71^(10) ^^S. <=>]^^7\] ^cf. 13 

(60)0) ol^s^Tfl ^ '?3(60)fi1 ^<y- ^^o] >^7l ^2.«.(31)oll ^#£l7fl ^t:f 

. «^l°fl<^l ^#-^(31)^ i^jCeO)"^! ^€fl 7>«fl;<l^ ^oii o^«fl -^^^o.^ 
(elastic deformation) ^l^^i -2.^ -^^Cohimic contact)* ^]^?]] '^]^]^ 

^ ^^*>fe -S-^ ^^^-y RF 7l-^?fl t!-i=f. ^^7101] 

^7l ^^«.(3i)ofl ^A^^ ^-i-^(31a)^ ^^^1 ^7H>^ ^c}. 

oj^o] s.^ ^^«.(31)o^ ^<J-^^(stiffness)<^l ^cfl€i=f. 

^1-71 ^2i<^l^i 11(60), ^^^(31) ^ ^-g- ^^(40)^ (60)2f 
^^^(31)^ '^l^S.^ Biol ojrf. ^wV^o.^ >^7l «i(60)3l- 71:^(10) ^ 

^^>^ 3 ^7] ^^«.(3i)o^ ^o]^ ot 2n]3^ ^i£7> 

€ ^ 9X^. ZL^JL Al^Ai(60) <y:^o] 11 ^^(40)^ ^^1^ A ^^£o]t:f. 

x4el->H £ 6011 ^^]^ w>sq- :y-ol .^71 ^^(40)4 UCeO) ^<H1 tfl;^o] ol=-<^l;?^ ^^7] 
^<^1 1](60)ol ^^5)^^ nil ^7] §^ ^^«.(3i)o,l ^^j^ji :?i^(40)2l- 13(60) 

^ ^7]f^ A>o]oil ^ji ^o]7^ oXt]] ^v}. rcj-H^A-l ole^*}. ^^oflx-^^ €^(40)4 13(60) 

nalul-, i?l:«as1 . ^ ^^(40)21. 13(60):?>21 i2.n^^^«. ^^^] 13-^1§>71 
<^ IE 6a<^l n}si\. ^o] , ^-^(40) ^o)] -^^^l#(41a)* ^^^^l-T^q-. S. 6b<^l £ 

^1^ w]-^ ^^1 ^#^(31)011 cfl^^m ^^J- ^1^^>JL i3(60)^<f^ 

^<H1 -B-^^lf'(41b)* ^^^^ ^ ^cf. 
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<65> .^71^1: W>5+ ^O] tij(60)o4 ^^«-(3i)^ ^ ^ 9X^] 

^. -g-^^^ ^#^(31)S] ^i-ig oloi] cfl-§-^>^ ^(60)^ ^-l^ofl ^ 

^^If^* ^^^^ =^ 

<66> .^V7isq- ^2,0^ MEMS i^^l ^ c>Mh^- ^#*>fe ^^Hl^ MEMS 

^1^1 ^^<H]^i RF MEMS i^^l<Hl^i ^]-§-^^ RF ^"1*^ -^sl- :^ol 2] 

^ ^^^2] RF -a-^^ ^m^V^ RF ^fl^^lEi ^^1 RF Sis 

^^7} -B-^asl^ ^l-^*>^ -^ofl T:fl^ Hfl^lS]^. ^1^ 

^ 7l^S-^E-1 -g-ol^>7fl ^ SX^ o]^<^] ^^^^ 71^2^ i^^l- 

^}^] ^^4. 

<67> £7 ^JS\^] £ 9^ ^ ^^S] cf^ ^Alofloil 4^ MEMS ^^^1^1 ^^1- £ 

7 £ 9* ^ ^X\6\]6\]A^ -i^Sl^ ^efl<^l^ ^i^^lS^i ^J:'«d(30)ol 

J: cfl*j=s:V^ '^Ir^slTll ^<^^ §^ iS^s] ^EflS 71-^1^ ^#^(32)1- z|z| 

71-^1^ "a^-^CRF IN, 3Qa)^ #^-¥-(RF OUT, 30b)^S ^^^o] oj,jj_^ ^7] ^ 
(32a, 32b) ^<H1 ^(60)ol ^}^^o] oj^t^, 
<68> rc)-e).Ai, >^7l wi 3)--^ ^^(40)^1- wi(60):<i<^l ^''^o] o]7}S\^^, S. 9<H1 S^] 

^ ^o] olnflofl ^^7l^oll o^^fl «l(60)ol 71^(10) <^l#<>|^l^^i 

^7] ^ ^^«-(32a, 32b)«^l ^#5)711 «^H<^1 ^ ^^^(32a. 32b)^ 

^o.^^ ^^tb ^^-^S- -3-71 1i(60)<^l ^3l-5l<>| ol=-7ll tt|-e)-Al >^7l ^ 

^^(30)^ ^^^(30a)Sl- #^-^(30b)7l- ^7]^ o.^ £-i-^Bfl7f ^t]-. 
<69> oi7lollA^ Aj-7l ai(60)ol ^7] <y^-^(30a) ^ #^^(30b)^ ¥ ^#^(32a, 32b) 

cfl^ i4fl:*H ^Jl ^^^S. 7l^<H^i:fs.7]-^ o>qig ^^^(30a)5il- #^^(30b)^ 
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^#^(32a. 32b)7l- ^^^^o^S. ^^is\o] oj^ ^-f^lS, -^"715+ ^#-¥-(32a. 
32b)^ ^^^^ ^^<^1 91^^91 S.^ ^^<^1 7l-^^>7ll ^4. 

<70> ^Alc^lo^ ^ ^^(40)3|- ^^(60):?}-^ -2.^^^* «<J-^l*l-7l 

^*>«^ £ 8a<^l «>5+ ^^(40) ^-^l -B-^^lf^(41a)# ^^^*>7li4, ^ 8b<^l 

^■l^^l -a-^^l#(41b)^ ^^d^ =^ Sicf. 



<7i> £. 10 ^ £ 11^ ^ ^^ofl a RF MEMS ^i^^l^ ^2:1- ^ 

^^M^ ^Bfll- jV^lri^, =L^JL «J 3)-:^ ^^(40)ol B:>q-^ ^^^t:^.^ S. 10 

^ i£ 11^ ^2:s:>iS, 71:^(10) ^<y-ofl ^^«-(3i)^ 7]-;^]^ ^.E^AJ-^ Al^ 

^(30)0] ^^^slcH o;tq.. s-^ ^^^(31) ^ofl^ «](60)sl ^>^^(60a)ol ^:^lt!rnl-. ^1- 
7l 1^(60)^ iL;^^(60b)^ 7l^(10)<Hl JL^^ ^no]^^(20)<^ ^^7l 
(60)3]- ^s.^(30)^ ^ys^o^ ^6\] ^^l^H, z^-z^-o^ ^^1^>^ ^V^^(60a) 

^ ^#-?-(31)7]- ^l-S> ^o] oj^t]-, o^7]c]]A^ ^7] ^SL^iSO)^- ^(60) 

O] ^S. ^Mt}^ Wfl^l^l-^ ^£ 7>^*>C|-. >^7] ^^«-(31)S>]. ^sflolAi 

(20)S1 A>olofl^ ^3(60)* ^^Alj'l^ «J 3]-:^ ^^(40)ol ^^]^t^. ^7] ^ 
(40)^ ^^1 ^ 7fl^ ^ ^cl-. 

0 
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<73> S. 12 ^ S. 13^ £ 10 ^ £ 11<^1 iEA]^ MEMS ^^'^1^>H, ^^ 

cflAiofl >^H^ ^Bfll- 7}^]^ ^^«.(32)l- i 12 ^ £ 13<H1 

«>5q- ^ol, 7]^^^ IE 10 ^ 11 <H1 JEA]^ ^Alc^lsq. ^^§>J1 

(32)i?> 7]-^cf. ^ ^^l-^l^ ^(6)°! ^^^^M 

<74> £ 14 vfl^] 5. 16^ £. 7 £. g^Hl S.^]^ MEMS ^^^1^ ^^^l^^li^. 

<75> £ 14 1^^] 16^ #S€r>ia, ^ ^A]c^loflA-l ^T^Sl^ ^^^1^ X]^ 

^(30)ol cfl^J=^m 'ib^slTfl ^c^;^ 1-^ rfiS^^ ^m 7H^ 
(32)» 2^2^ 7}7]^ 'a^^CRF IN, 30a)3Jl- #^^(RF OUT. 30b)-^S. ^^^<^ SiJl, ^ 
71 ^ ^^-f-(32a, 32b) ^<^1 «J(60)^ ;^>-B-^(60a)o] ^^l^>i:^, ^l-H-^(60a)^S-^El 
«J(60)B] s:>-f-oil ^ ^^(40)<5l ^^Itbcf.. 

<76> >a-7l «j ^^(40)4 «i(60)^oil ^7>5l^, £ 16<H1 

^ ^o] oli^ioii ^^^7l^ofl s^ffl 1^(60)^ ^>-B-^(60a)ol 7^(10) 

S. ol^ol^l^^i -^-71 -^.^#-^(323, 32b)ofl ^^1 ^#S]7ll ^ 
(32a. 32b)^ ^^^o.^*^ ^^tb "y-^-^^ (60)^1 Sl^ 

<=>1^7li ni)-5l-Ai ^7] ^s^(30)Sl <a^-^(30a)5!l- #^-^(30b)7> ^7]^ o.^ ^^^^7} 

<77> <^7]^]^^ ^^^V t.>fi^. :y-ol «1 (60) o] ^ ^>-a-^(60a)<^l ^1-7] ^ 

^(30a) ^ #^^(30b)^ ^ ^#^(32a. 32b)oll M-^^V^l ^Jl "^^-^S. 71*0^ 

^^^7}, o>q^ 'y^^(30a)sq- #^^(30b)^ ^#-^(32a. 32b)7> Mr^^^o^S. 
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sl<H ^■^o\]^. '^7]9\- ^^«.(32a. 32b)^ ^-^^^ ^^<H1 91^^91 ^ 

<78> ^X\6\]o^ ^^(40)4 «J(60)^fi1 n}-^l«->7l 

^^(40) ^^^*>7m <^>M^ ol<Hl cfl^t!: 'I^^ ^■l^'^l -^^^If- 

^ ^^^^ ^ SI^-. 
<79> IE 17a :£ 17d^ i^^c^tl- ^Alc^ll- :a.olcf. 

<80> £ i7a5l :£ 4 ifl;<l £ 6<^1 s-^ M-Bl-ifl^. H 17b^ 3£ 7 

ifl^l £ 9<^1 ^Tg^ ^ S. 17c^ IE 17b'^l 

^^^l^^i ^S. ^^^^ ^#-¥-(32a, 32b)^ 7}^^}^ -f-^^ ^^^^oi o. 

9^^^^ c1 #xql*>7l ^^l-^(32a'. 32b')7> p>^^ 7>;5lr1-. 

tfl^ q-<y=t!: ^Bfls-Sl ^^o] 7>^^ ^ojcf. 

<82> 7l^^ O.^ ^ 7lJa:0.s:^E-l ^-S. ^^o^ ^^h. o]^ 7] 

^l^m ^f^^ ^V^'Hl tij^^^l-^^^ T^-V^^l-Jl H^JL S^V-^o^l ^nflf^^ 

■I- ^7] ^^-^7} 7]^0_S.^B\ JL^t!-^-. ^S-Jd^ 

^■f-*?! :^ ^}^'=^] ^^1*>^ ^/a^ ^i^flf^^^ ^-g-<Hl ^tb 
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<83> ^^it}^ ^^^2] 7fl^^ £^34 ^^^1 ^^t!-^. 

<84> £ l8a<Hl S-A]^ i3>fif ^o], 71:^(101) ^Hl #°fl^(102)-i- ^^^^1:4. <^7loflA-l 2. 

711^^ <mi- l-cH Ni. Fe. Cr ^2] ^o]s. ^V^-* i^*>^ <^ll- #<H 
Invar el- Fe-Ni-Co ^^^1 2j-g-^ ^ oj^z]., zl^jl ^7] ^^W^ *>^<Hl 

^S-^^S. A>-§-^>7l Cr Ni ^^^^ ^ ^cf. oHl ojo^ 

#°1)^(102)S] ^ofl^ al^^l-^#(103), o^l* 1-<H wl^^ ^5^^(a-Si)# 
<85> 5. i8b<Hl HA]^ HVaf ^o]^ >^7l ti1^^1-^f'(103)<^l ^*^(103')^ ^^^t!-^. 

<86> £ 18c<Hl «>sq. ^o], .^71 ^:f-^(103')^* -f-Sfl «}:-§-7]-.±:l- ^nl]^(102) 

•^Al-s^ltiLiq- ^^7}->i5fo^ ^-g-oil -^^^A^l-, c^ll- wl^^^ f]:di(a-C, 14)# 

^S^. ^ <^lnfl<^l a-C ^ a^a^^ o^^j-o^ ^£o]>^o^S ^ 

<87> nq-sl-A^ a-Si -^-2.5-^ wl;^^l-^f^(103)^ -i-^^^ ^^slJl ^^^^ , £18d<Hl £ 
Al€ «>fi1- ^71 a-C ^ITIE)^ l-^f-^ ^711 S 

^. a-C^ AllTl^ ££7l^ ^^M- ^± l-B^-^p> ^^oil ^tfl ^>7l a-Cl- CO2 
>a-EflS. -^s^^]^ ^]7]^ ^ sic]-. ZLiqofl JL^ dtAj #e|-^n> :^o.^ :^]7]^ 
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<88> S. 19a^ £ 18c^ ^ligfl ^7155)- :y-^ ^ a-C ^ 

olofl o^tfl -E-^ ^Sl-^ SEM^H, £ 19b^ ^Sl- 

^ i^-¥-<^l a-C ^ -^Efll- :e.ol^ SEM ^>^c.iq-. £ 19c^ 5. 

18d^ ^ l-ef^i^V 7>r±:oll ^l^fl a-C ^l^l^ ^l-EfloflA^o) ^ 

SEM >««>^ol'^, £ 19d^ ^Sl- vflfi^ a-C ^l7l^ ^o]^ 
SEM ^V^olcf. ^7]^ -i-^ i£e1:di:jL5fl3iloii o^sfl dt^^^o.^ 

^S.^ £ 17a ^^1 :£ 17c ■^<^1 ^^]^ 4^ 
<89> £. 20a S. 20h^ ^ MEMS ^^^1^ ;«fl2:«o^^Sl ^ ^^]<^]^ 

<90> S. 20a<^l «>5!]- ^o], 71:^(100) ^<^1 Cr Ni ^^^tlr ^ ^l* 

<9i> s. 20b<^l £^1^ ^<^1 71^^(10)^ ^^^(300 >^1-<^1 <a= ^j:^ 

wj-i^ofl o^«|] >a-7l a.ui)^(34)* ^*>^ ^EflS. ^^^^ ^ siiq-. 
<92> £ 20c<^l £^1^ w>s1- ;y-ol, >^i-7] ^oil o\]m a-Si(35)* 

CVD ^<^1 s^sfl ^ -£ 20d<^l wV^^f ^o] ^7] ^:£^(30) ^V^l^ 

cfl-S-^V^ ^#^(353)* ^^^^Vcf. 
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S. 20d<Hl Sl^]^ ^<^1. ^#^(35a)^ ^^S. CVD 

"^^ar^Hi-^^fil- ^± 7}^7} ^^^<^ ^^^(35a)^ -f-^ #"fl#(34) ^if w];^^ 
^Bl^(35)ol ^-§-*H ^sl^(35)^ al^^ ^:li(a-C, 36)» 

-i-^(35a) ^^sl ^^o] =.^o.s 1- ^711 ^cf. 

£ 20eoll w>5i|- ^o] .^V7l ^-i-^(35a)^ H2 Sfe O2 ^ef^'^l- ^<=>] 

^•g-^H ^-i-^(35a) *>^<>fl ^;^fl^>^ til^^^^(a-C)« ^]^^^. °^s)->H . 

Hl^^^ ^£^^(35)^ ^V-^oil til^^^^^(a-C)7> ^]7]^o^S.^ ^^^S. 

€ w]^^^ ^sl^ ^, ^ MEMS ^i^^loflAjo^ ^^^^ ^7l^BHl- ^ ox:>]] 

^^tb w]-sq- ^o] >^^o^Al ^^tb £^<H1 5.^^^^ ^-^^l , €Aol1 aq-e^-^i^ 
711^ ^tl] ^V7l a];^^^ ^Bl^ ^01] 4'7V2lol ^^n^o^ ^A^o] 7>^^>t:f. 

oie^tb 3}-;=§oi ^^o^ «^i^<il] ^7] ^6\] ^^1§>^ «i ^ 

<^1* ^l^l^l-^ >i3illo]A-]^ ^-^^^H ^^^1-^ RF MEMS i^^l, *o1 £ 7<^1 .£^1^ 

w>5q- MEMS 
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Sicf. laj ^l-^-O^ ^#-^71- -i-^ Hfe ^ 3^1-^^^ 7]-:^l7l ufl^oll 

^^2^ a^a^ol ^^.]c^]7} ^^£)J1 £Al5]o^o.u|.^ olsl^ ^Alc^ll- 

€\JL ^ ^t^^g ^^S>\. Bfl^oll ^tbSl^l ^^T^^ ^<^1 <il«ll5lcH*^> ^ 

^7l nfl^olcf. 
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1] 

^7] ^^^7l^oil ^«fl ^^SlcH ^7] ^J:^3]. :^7]^0_S. ^^^^^ ^fj^j.; 

^7] ^S.^^] ^}^^^ ^-^^ ^^-71 ^7)2^ ^2.^ ^q-^S. ^E-IS^ 

^^1 21*1] ^^*>^ ^s^^ ^#^1-; ^til^l-^ ^^1^^ MEMS r^i^^l 

[^^*^ 2] 

^1 1 *^<^] Si'^^i, 

^V7l ^^^^ riiS^ ^Bfll- 7>^1^ *m MEMS 

[^^^^ 3] 

^1 1 9X<^^^, 

MEMS 

4] 

^1 1 9X^^^, 

^7] <y=^^» 7M^ ^^M^l^*?! ^* ^^1-^^ *m MEMS i^^l. 
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5] 

^1 1 %H1 9X<^^^, 

^7] Hj^g^^e^^o.^ MEMS ^^^1. 

[^^*ch 6] 

-g-^ ^^^^ ^^^o] 9X^ ^^^S. t}^ MEMS 

[%^^*J- 71 

^1 3 %H1 Slo^A-l, 

MEMS ^1 . 

[^^^i)- 81 

^1 1 ^c>iAi, 

MEMS i^^l. 
91 

^1 8 9X'^^^, 

^7] ^7] ^^^^ 2]Jil3r>^ >a-7] 

^^^^ -^^^ofl ^^1^>^ «i 2)-:^ ^^ol T^l^^o] ^ o. -^1 MEMS 
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[^^^J- 101 

^1 8'%H1 91'=^^^, 

«i ^^o\] -B-^^lf^ol ^^^^o] ^^i-^S. *>fe MEMS 

[^^«ch 11] 

7] p>^^ ^a-^J-'^l ^^1*>^ MEMS i^^l. 

12) 

71^4; 

^7] ^^7l^<^l S]«fl ^^S)01 >a-7l 1, ^1 2 ^S^ysj- :^7]^^S. ^#3^1^ 

o^^fl ^^*>^ ^s.^^ ^^^S. t} 

^ MEMS ^-¥1 ^1 . 
13] 
^1 12 *oHl 
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^^y] ^1 1. ^12 <0jL>5d^ ^ ^}^^^ ^^^^ ^El] 

» 7>;=^1^ t}^ MEMS ^^^1. 

[^^^ 141 

A 12 ^j-ofl $I<H^i. 

^y] wl^^^5]^o.^ ^^^3^^ ^^i-^S. MEMS ^^^]. 

151 

^1 12 $I<H^i. 

MEMS ^1 . 
[^^^ 161 

^] 15 ^<^1 ^ol^-l, 

^y] ^7] ^^>«d4 ^iii^l-^ ^^^^^s. tifl^lsiji, >a-7l 1]^ ^7] 

^J:^^ <y=^<^l ^^l^}^ ^ ^^ol D>^s]ol ^^1^^ MEMS 

171 

^1 15 *J-<^1 

^^y] «J ^-S- ^i-iS<>ll -^^^If'O] ^A^5l<>| ^^10.^ i5r>^ MEMS 
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[^^■^J- 18] 

12 9X'^^^, 

7l 1, 2 oj: >^«j.ofl ^^i^r]-^ ^^i^s. *>fe MEMS ^^^]. 
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7 6 5 




4 3 4 



IS. 21 



6a 
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• 



is. 6] 

60 




[S. 71 




IS. 8] 

40 32a(32b) 30 40 
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41a 32a(32b) 41a 60 




35-27 



1020020071609 ^^ 'U^}: 2002/11/30 

> 



[S. 12] 
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» 



is. 161 
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17c] 



32a' 32b' 




30b 



30a 



[£ 18a] 



z 




[S. 18b] 



103' 



is. 18c] 



101 



^^^^^^^^^^ 




^ 103(a-Si) 
102 



101 




103(a-Si) 
102 

101 



is. 18d] 




103(a-Si) 
102 
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[S. 19bl 




35-32 



1020020071609 
ISl 19c1 
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IS 19d] 




ISl 20a] 

30 
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IS. 20d] 



CO+Ha (Hot) 




35-35 



